Tree shrews share with primates a well-developed geniculostriate visual pathway and may bear strong resemblance to the common ancestor of the primate line (1). They differ from the cat, on which so much of our knowledge of visual functioning is based, not only in evolutionary history, but in a number of features of their visual system. For example, compared with cats, tree shrews have more retinal cones, a larger, more differentiated superior colliculus, and a lateral geniculate nucleus which projects solely to the striate cortex (1-3). Despite these and other important differences, we previously found that tree shrews have X-and Y-cells in their lateral geniculate nucleus (4). Our suggestion that other more disparate species might also possess X-and Y-cells has recently been confirmed (5) . In this report, we extend the analogy between the X-and Y-cells of cat and tree shrew to include the effects of visual deprivation on the postnatal development of these cells. 784 Tree shrews share with primates a well-developed geniculostriate visual pathway and may bear strong resemblance to the common ancestor of the primate line (1). They differ from the cat, on which so much of our knowledge of visual functioning is based, not only in evolutionary history, but in a number of features of their visual system. For example, compared with cats, tree shrews have more retinal cones, a larger, more differentiated superior colliculus, and a lateral geniculate nucleus which projects solely to the striate cortex (1-3). Despite these and other important differences, we previously found that tree shrews have X-and Y-cells in their lateral geniculate nucleus (4). Our suggestion that other more disparate species might also possess X-and Y-cells has recently been confirmed (5) . In this report, we extend the analogy between the X-and Y-cells of cat and tree shrew to include the effects of visual deprivation on the postnatal development of these cells. Previous work has shown that in cats reared with sutured eyelids there is a selective reduction in the population of lateral geniculate Y-cells sampled with microelectrode techniques. In cats reared with one eye closed this inability to record from Y-cells is limited to the binocular segment of the lateral geniculate laminae receiving afferents from the deprived eye (that is, the deprived laminae); Y-cells are apparently unaffected in the deprived monocular segment, as are X-cells throughout the nucleus (6). We have found that the same pattern of Y-cell "loss" occurs in the lateral geniculate nucleus of monocularly deprived tree shrews, while X-cells seem to be unaffected.
In seven tree shrews (Tupaia glis) we sutured the lids of one eye at about 7 days after birth, well before the normal eye opening which occurs at about 20 days of age. The animals were handreared until weaning, and then cagereared normally until 4 to 24 months of Previous work has shown that in cats reared with sutured eyelids there is a selective reduction in the population of lateral geniculate Y-cells sampled with microelectrode techniques. In cats reared with one eye closed this inability to record from Y-cells is limited to the binocular segment of the lateral geniculate laminae receiving afferents from the deprived eye (that is, the deprived laminae); Y-cells are apparently unaffected in the deprived monocular segment, as are X-cells throughout the nucleus (6). We have found that the same pattern of Y-cell "loss" occurs in the lateral geniculate nucleus of monocularly deprived tree shrews, while X-cells seem to be unaffected.
In seven tree shrews (Tupaia glis) we sutured the lids of one eye at about 7 days after birth, well before the normal eye opening which occurs at about 20 days of age. The animals were handreared until weaning, and then cagereared normally until 4 to 24 months of age, when they were anesthetized and prepared for single-unit recording. All experimental techniques, recording procedures, and criteria for classification of X-and Y-cells were identical to those we used previously in normal tree shrews and cats (4, 6-8).
In each animal we placed our recording electrode in the lateral geniculate nucleus contralateral to the deprived eye. This allowed sampling of neurons both in the binocular and monocular portions of the visual field in the four deprived laminae (3). The two laminae which receive ipsilateral nondeprived eye input provided control data from the binocular portion of the visual field.
Our primary finding is that we obtained recordings from very few Y-cells in the binocular portion of the visual field in the deprived laminae, while we found many Y-cells in the monocular portion. The X-cells, and a few cells with mixed X-and Y-properties (that is, "mixed" cells) (4), were also not significantly different from the cells in normal animals in their response properties, and these cells were present in normal proportions in the deprived and nondeprived laminae of the lid-sutured tree shrews. Our data thus indicate an inability to record Ycells, and suggest that this "loss" is restricted to the binocular segment of the deprived laminae. Furthermore, we found no evidence for an effect of the deprivation on X-cells (11).
In addition to the selective effect on Ycells in the deprived tree shrews, we found 17 cells with properties that we never observed in normal animals. Sixteen of these 17 abnormal cells were loage, when they were anesthetized and prepared for single-unit recording. All experimental techniques, recording procedures, and criteria for classification of X-and Y-cells were identical to those we used previously in normal tree shrews and cats (4, 6-8).
Our primary finding is that we obtained recordings from very few Y-cells in the binocular portion of the visual field in the deprived laminae, while we found many Y-cells in the monocular portion. Abstract. Infant rats rewarded for crawling by being allowed to suckle on the dry nipple of an anesthetized dam showed a decreasing rate of ultrasound production during acquisition and an increasing rate during extinction. These results suggest that infant rats can be stressed and are aroused as a result of successive nonrewards just as adult rats are. In addition, these results do not support the hypothesis that infant rats lack inhibitory mechanisms related to poorly developed neural centers.
By a x2 test the proportion of binocular-segment Y-cells was lower than the proportion in the nondeprived laminae (P < .01) and lower than the proportion in laminae innervated by the contralateral eye in normal animals (P < .001). 10. We used t-tests for receptive-field diameter

Ultrasound Emission in Infant Rats as an Indicant of Arousal During Appetitive Learning and Extinction
Abstract. Infant rats rewarded for crawling by being allowed to suckle on the dry nipple of an anesthetized dam showed a decreasing rate of ultrasound production during acquisition and an increasing rate during extinction. These results suggest that infant rats can be stressed and are aroused as a result of successive nonrewards just as adult rats are. In addition, these results do not support the hypothesis that infant rats lack inhibitory mechanisms related to poorly developed neural centers.
Infants of most rodent species emit sounds at frequencies above the range of human hearing. These ultrasonic vocalizations, investigated in a number of species, typically occur when the infants are exposed to conditions of environmental stress (1, 2). Thermal and tactual stressors, unusual odors, pain, and hunger evoke the ultrasonic calls of infant rats (1, 3, 4) . Developmentally, the rate of ultrasound production decreases as homoiothermy is attained (4).
Ultrasounds appear to be important signals for altricial infant rodents. They seem, for example, to initiate infant retrieval by the dam in rats (5) and to coordinate maternal behaviors in mice (1). Bell (6) has emphasized that ultrasounds reflect high arousal in infants and induce arousal in the dam. At a time when the infant is unable to thermoregulate, to see, or to ambulate well, the infant ultrasound seems to serve as a distress signal to the dam. In the rat, ultrasounds diminish at the age at which the pup gains the ability to thermoregulate, opens its eyes, and begins to leave the nest, at which time a chemical signaling system involving a maternal pheromone (7) is said to predominate. Some of our previous work (8, 9) has demonstrated (i) that 10-and 11-day-old rat pups can learn to approach an anesthetized dam in a heated alley with dry suckling as a reward and (ii) that the approach behavior is extinguished with successive nonrewarded trials. Extinction in these experiments indicates that at least one kind of response-suppressive mechanism is operating at an age at which centers responsible for "inhibition" are said to be not well developed in rat pups (10). It could be argued that the extinction in our experiments reflected decreased arousal resulting from any increasing period of no contact with the dam. Many studies of adult animals show that extinction following appetitive learning increases arousal, presumably because of the frustrating effects of nonreward following a history of reward (11). If the mechanisms of appetitive extinction in infant rats are similar to those in older rats-being characterized by active (frustrative) processes and conInfants of most rodent species emit sounds at frequencies above the range of human hearing. These ultrasonic vocalizations, investigated in a number of species, typically occur when the infants are exposed to conditions of environmental stress (1, 2). Thermal and tactual stressors, unusual odors, pain, and hunger evoke the ultrasonic calls of infant rats (1, 3, 4) . Developmentally, the rate of ultrasound production decreases as homoiothermy is attained (4).
Ultrasounds appear to be important signals for altricial infant rodents. They seem, for example, to initiate infant retrieval by the dam in rats (5) and to coordinate maternal behaviors in mice (1). Bell (6) has emphasized that ultrasounds reflect high arousal in infants and induce arousal in the dam. At a time when the infant is unable to thermoregulate, to see, or to ambulate well, the infant ultrasound seems to serve as a distress signal to the dam. In the rat, ultrasounds diminish at the age at which the pup gains the ability to thermoregulate, opens its eyes, and begins to leave the nest, at which time a chemical signaling system involving a maternal pheromone (7) is said to predominate. Some of our previous work (8, 9) has demonstrated (i) that 10-and 11-day-old rat pups can learn to approach an anesthetized dam in a heated alley with dry suckling as a reward and (ii) that the approach behavior is extinguished with successive nonrewarded trials. Extinction in these experiments indicates that at least one kind of response-suppressive mechanism is operating at an age at which centers responsible for "inhibition" are said to be not well developed in rat pups (10). It could be argued that the extinction in our experiments reflected decreased arousal resulting from any increasing period of no contact with the dam. Many studies of adult animals show that extinction following appetitive learning increases arousal, presumably because of the frustrating effects of nonreward following a history of reward (11). If the mechanisms of appetitive extinction in infant rats are similar to those in older rats-being characterized by active (frustrative) processes and conflict-and if ultrasounds indicate arousal in the pup (6), one would expect ultrasounds to increase during extinction of a learned appetitive response. This experiment is the first to our knowledge that measures ultrasound production during infant learning, and it provides evidence for an active conception of appetitive extinction in rats, even at 11 days of age. The training apparatus is described in detail elsewhere (9). It consisted of a Plexiglas alley (38 cm long, 7.5 cm wide, and 10 cm high) and a goalbox The subjects, eight albino rat pups bred in our laboratory but originally of Holtzman stock, were 11 days of age and weighed between 25 and 30 g. Each pup was separated from its dam 10 hours before runway training began and was kept in a covered plastic breeding cage maintained at 37?C. Approximately 20 minutes before runway training began, the dam was anesthetized with EquiThesin (2 ml per kilogram of body weight, injected intraperitoneally). Additional amounts of anesthetic were used as
